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BACKGROUND OF THE INVENTION 

The present invention relates to an electrical circuit and particularly a capacitive 

responsive electronic switching circuit used to make possible a "zero force" manual electronic 

switch. 

Manual switches are well known in the art existing in the familiar forms of the 
5 common toggle light switch, pull cord switches, push button switches, and keyboard switches 
among others. The majority of such switches employ a mechanical contact that "makes" and 
"breaks" the circuit to be switched as the switch is moved to a closed or an open condition. 

Switches that operate by a mechanical contact have a number of well known 
Ou problems. First, mechanical movement^ of components within any mechanism make those 
10 components susceptible to wear, fatigue, and loosening. This is a progressive problem that 
occurs with use and leads to eventual failure when a sufficient amount of movement has 
occurred. 

Second, a sudden "make" or "break" between conductive contacts typically 
produces an electrical arc as the contacts come into close proximity. This arcing action 
15 generates both radio frequency emissions and high frequency noise on the line that is switched. 

Third, the separation between contacts that occurs on each break, exposes the 
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contact surfaces to corrosion and contamination. A particular problem occurs when the arc 
associated with a "make" or "break" occurs in an oxidizing atmosphere. The heat of the arc in 
the presence of oxygen facilitates the formation of oxides on the contact surfaces. Once 
exposed, the contact surfaces of mechanical switches are also vulnerable to contaminants. Water 
borne contaminants such as oils and salts can be a particular problem on the contact surfaces of 
switches. A related problem occurs in that the repeated arcing of mechanical contact can result 
in a migration of contact materials away from the area of the mechanical contact. Corrosion, 
contamination, and migration operating independently or in combination often lead to eventual 
switch failure where the switch seizes in a closed or opened condition. 

An additional problem results from the mechanical force required in operating a 
mechanical switch. This problem occurs in systems where a human operator is required to 
repetitively operate a given switch or a number of switches. Such repetitive motions commonly 
occur in the operation of electronic keyboards such as those used with computers and in 
industrial switches such as used in forming and assembly equipment among other applications. 
A common type of industrial switch is the palm button seen in pressing and insertion equipment. 
For safety purposes, the operator must press the switch before an insertion or pressing can 

(ml) 

occur. This ensures that the operators hand(s) is.on the button(s) and not in the field of motion 

A 

of the associated machinery. It also ensures that the mechanical motion occurs at a desired and 
controllable point in time. The difficulty arises from the motion and force required of the 
operator. In recent years, it has been noted that repeated human motions can result in 



debilitating and painful wear on joints and soft tissues yielding arthritis like symptoms. Such 
repetitive motion may result in swelling and cramping in muscle tissues associated with 
conditions such as Carpal Tunnel Syndrome. Equipment designers combat these Repetitive 
Motion or Cumulative Trauma Disorders by adopting ergonomic designs that more favorably 
control the range, angle, number, and force of motions required of an operator as well as the 
number of the operator's muscle groups involved in the required motions. Prosthetics and tests 
are used as well to provide strain relief for the operator's muscles, joints, and tendons. 

In mechanical switches, the force required to actuate the switch may be minimized 
by reducing spring forces and frictional forces between moving parts. However, reducing such 
forces makes such switches more vulnerable to failure. For instance, weaker springs typically 
lower the pressure between contacts in a "make" condition. This lower contact pressure 
increases the resistance in the switch which can lead to fatal heating in the switch and/or loss 
of voltage applied to the switched load. Reducing frictional forces in the switch by increasing 
the use of lubricants is undesirable because the lubricants can migrate and contaminate the 
contact surfaces. A switch designer may also reduce friction by providing looser fits between 
moving parts. However, looser fits tend to increase wear and contribute to earlier switch 
failure. A designer can also reduce friction by using higher quality, higher cost, surface finishes 
on the parts. Thus, as apparent from the foregoing description, measures taken to reduce 
actuator force in mechanical switch parts generally reduce the reliability and performance of the 
switch and/or increase the cost of the switch. 



In applications such as computer keyboards or appliance controls, the electric load 
switched by a given switch can be quite low in terms of current and/or voltage. In such cases 
it is possible to use low force membrane switches such as described in U.S. Patent No. 
4,503,294. Such switches can relieve operator strain and are not as susceptible to arcing 
problems because they switch small loads. However, the flexible membrane remains susceptible 
to wear, corrosion, and contamination. Although such switches require very low actuation 
force, they are still mechanically based and thus suffer from the same problems as any other 
mechanical switch. 

A more recent innovation is the development of "zero force" touch switches. 
These switches have no moving parts and no contact surfaces that directly switch loads. Rather, 
these switches operate by detecting the operator's touch and then use solid state electronics to 
switch the loads or activate mechanical relays or triacs to switch even larger loads. Approaches 
include optical proximity or motion detectors to detect the presence or motion of a body part 
such as in the automatic controls used in urinals in some public rest rooms or as disclosed in 
U.S. Patent No. 4,942,631. Although these non-contact switches are by their very nature truly 
zero force, they are not practical where a multiplicity of switches are required in a small area 
such as a keyboard. Among other problems, these non-contact switches suffer from the 
comparatively high cost of electro-optics and from false detections when the operator's hand or 
other body part unintentionally comes close to the switch's area of detection. Some optical touch 
keyboards have been proposed, but none have enjoyed commercial success due to performance 
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and/or cost considerations. 

A further solution has been to detect the operator's touch via the electrical 
conductivity of the operator's skin. Such a system is described in U.S. Patent No. 3,879,618. 
Problems with this system result from variations in the electrical conductivity of different 
5 operators due to variations in sweat, skin oils, or dryness, and from variable ambient conditions 
such as humidity. A further problem arises in that the touch surface of the switch that the 
operator touches must remain clean enough to provide an electrical conductivity path to the 
operator. Such surfaces can be susceptible to contamination, corrosion, and/or a wearing away 
of the conductive material. Also, these switches do not work if the operator is wearing a glove. 
10 Safety considerations also arise by virtue of the operators placing their body in electrical contact 
with the switch electronics. A further problem arises in that such systems are vulnerable to 
contact with materials that are equally or more conductive than human skin. For instance, water 
condensation can provide a conductive path as good as that of an operator's skin, resulting in 
a false activation. 

15 A common solution used to achieve a zero force touch switch has been to make 

use of the capacitance of the human operator. Such switches, which are hereinafter referred to 
as capacitive touch switches, utilize one of at least three different methodologies. The first 
method involves detecting RF or other high frequency noise that a human operator can 
capacitively couple to a touch terminal when the operator makes contact such as is disclosed in 

20 U.S. Patent No. 5,066,898. One common source of noise is 60 Hz noise radiated from 



commercial power lines. A drawback of this approach is that radiated electrical noise can vary 
in intensity from locale to locale and thereby cause variations in switch sensitivity. In some 
cases, devices implemented using this first method, rely on conductive contact between the 
operator and the touch terminal of the switch. As stated, such surfaces are subject to 
contamination, corrosion, and wear and will not work with gloved hands. An additional 
problem can arise in the presence of moisture when multiple switches are employed in a dense 
array such as a keyboard. In such instances, the operator may touch one touch terminal, but end 
up inadvertently activating others through the path of conduction caused by the moisture 
contamination. 

A second method for implementing capacitive touch switches is to couple the 
capacitance of the operator into a variable oscillator circuit that outputs a signal having a 
frequency that varies with the capacitance seen at a touch terminal. An example of such a 
system is described in U.S. Patent No. 5,235,217. Problems with such a system can arise where 
conductive contact with the operator is required and where the frequency change caused by a 
touch is close to the frequency changes that would result from unintentionally coming into 
contact with the touch terminal. 

Another method for implementing capacitive touch switches relies on the change 
in capacitive coupling between a touch terminal and ground. Systems utilizing such a method 
are described in U.S. Patent No. 4,758,735 and U.S. Patent No. 5,087,825. With this 
methodology the detection circuit consists of an oscillator (or AC line voltage derivative) 



providing a signal to a touch terminal whose voltage is then monitored by a detector. The touch 
terminal is driven in electrical series with other components that function in part as a charge 
pump. The touch of an operator then provides a capacitive short to ground via the operator's 
own body capacitance that lowers the amplitude of oscillator voltage seen at the touch terminal. 
A major advantage of this methodology is that the operator need not come in conductive contact 
with the touch terminal but rather only in close proximity to it. A further advantage arises in 
that the system does not rely upon radiated emissions picked up by the operator's body which 
can vary with locale, but relies instead upon the human body's capacitance, which can vary over 
an acceptable range of 20pF to 300pF. 

An additional consideration in using zero force switches resides in the difficulties 
that arise in trying to employ dense arrays of such switches. Touch switches that do not require 
physical contact with the operator but rather rely on the operator's close proximity can result 
in unintended actuations as an operator's hand or other body part passes in close proximity to 
the touch terminals. Above-mentioned U.S. Patent No. 5,087,825 employs conductive guard 
rings around the conductive pad of each touch terminal in an effort to decouple adjacent touch 
pads and prevent multiple actuations where only a single one is desired. In conjunction with the 
guard rings, it is also possible to adjust the detection sensitivity by adjusting the threshold 
voltage to which the sensed voltage is compared. The sensitivity may be adjusted in this manner 
to a point where the operator's body part, for instance, a finger, has to entirely overlap a touch 
terminal and come into contact with its dielectric facing plate before actuation occurs. Although 
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these methods (guard rings and sensitivity adjustment) have gone a considerable way in allowing 
touch switches to be spaced in comparatively close proximity, a susceptibility to surface 
contamination remains as a problem. Skin oils, water, and other contaminants can form 
conductive films that overlay and capacitively couple adjacent or multiple touch pads. An 
operator making contact with the film can then couple multiple touch pads to his or her body 
capacitance and it's capacitive coupling to ground. This can result in multiple actuations where 
only one is desired. Small touch terminals placed in close proximity by necessity require 
sensitive detection circuits that in some cases are preferably isolated from interference with the 
associated load switching circuits that they activate. 

As mentioned, in industrial controls, switches can be used to control actuation 
time and to ensure that the operator's hand(s) or other body part(s) are out of the field of motion 
of associated machinery. A common type of switch used in this application is the palm button. 
The button is large enough so that the operator can rapidly bring his or her hand into contact 
with the button without having to lose the time that would be taken in acquiring and lining up 
a finger with a smaller switch. Zero force touch switches are also desirable in this application 
as Repetitive Motion or Cumulative Trauma Disorders have been a problem with operator's 
utilizing palm buttons — especially those palm buttons that must be actuated against a spring 
resistance. In this area capacitive touch switches have also been employed. U.S. Patent No. 
5,233,231 is an example of such an implementation. Due to the proximity of machinery with 
the potential to cause injury, false actuations are a particular liability in such applications. 
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Capacitive touch switches that exhibit vulnerability to radiated electromagnetic noise or that 
operate off operator proximity have the potential to actuate when the operator's hand(s) is not 
at the desired location on the palm button(s). In general, this is addressed by the use of 
redundancies. In U.S. Patent No. 5,233,231, a separate detector is used to measure RF noise 
and disable the system to a safe state if excessive RF noise is present. Other systems such as 
UltraTouch vended by Pinnacle Systems, Inc. use redundant sensing methodologies. In 
UltraTouch, both optical and capacitive sensors are used and actuation occurs only when both 
sensor types detect the operator's hand at the desired location. These implementations have a 
number of disadvantages. In the case of the RF noise detection system, the system is unusable 
in the presence of RF noise. This forces the user to employ a backup mechanical switch system 
or accept the loss of function when RF noise is present. The second system is less reliable and 
more expensive because it requires two sensor systems to accomplish the same task, i.e., detect 
the operator. Such system may also suffer from problems inherent in any optical system, 
namely, susceptibility to blockages in the optical path and the need to achieve and maintain 
specific optical alignments. A further problem is that this system considerably constrains the 
angle and direction of motion that the operator must use in activating the switch. 

Currently, there are several zero force palm buttons in the market. These 
products utilize optical and/or capacitive coupling to activate a normally closed (NC) or a 
normally open (NO) relay, and thereby switching 110 V AC, 220 V AC, or 24 V DC to 
machine controllers. The UltraTouch by Pinnacle Systems Inc. uses two sensors (infrared & 




capacitive) with isolated circuits to activate a relay when a machine operator inserts his hand into 
a U-shaped sensor actuation tunnel. The company claims that by permitting the machine 
operator to activate the machine with no force or pressure and with the operator's hand and wrist 
in the ergonomic neutral position (i.e. 0° wrist joint angle and 100% hand power positions as 
shown in Figure 1.0-1), hand, wrist, and arm stresses are minimized and contributing elements 
to Carpal Tunnel Syndrome are negated. After a machine cycle is initiated, the operator must 
maintain an initial posture until the cycle is completed. A typical cycle time lasts approximately 
one to two seconds and is repeated about 3000 times daily. This adds up to about one hour to 
one hour and a half per day while the operator is in the posture. While this module reduces 
stress on wrist and hand, it strains the muscles in the forearm. Also, because of limited space 
permitted for the operator to insert his hand, it stresses the operator mentally and reduces 
productivity by causing fatigue. Furthermore, the infrared emitters and detectors rely on a clean 
path between the transmitter and receiver and will not operate properly if contaminants block 
the beam of light. 



sensing body capacitance to ground in conjunction with redundant detection circuits. Additional 
improvements are offered in the construction of the touch terminal (palm button) itself and in 
the regime of body capacitance to ground detection which minimizes sensitivity to skin oils and 



SUMMARY OF THE INVENTION 



The present invention overcomes the above problems by using the method of 
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other contaminants. The invention also allows the operator to utilize the system with or without 
gloves which is a particular advantage in the industrial setting. 

The specific touch detection method of the present invention has similarities to 
the devices of U.S. Patent No. 4,758,735 and U.S. Patent No. 5,087,825. However, significant 
improvements are offered in the means of detection and in the development of an overall system 
to employ the touch switches in a dense array and in an improved zero force palm button. The 
touch detection circuit of the present invention features operation at frequencies at or above 50 
kHz and preferably at or above 800 kHz to minimize the effects of surface contamination from 
materials such a skin oils and water. It also offers improvements in detection sensitivity that 
allow close control of the degree of proximity (ideally very close proximity) that is required for 
actuation and to enable employment of a multiplicity of small sized touch terminals in a 
physically close array such as a keyboard. The circuitry of the present invention minimizes the 
force required in human operator motions and eliminates awkward angles and other constraints 
required in those motions. The outer surface of the touch switch typically consists of a 
continuous dielectric layer such as glass or polycarbonate with no mechanical or electrical feed- 
throughs. The surface can be shaped to have no recesses that would trap or hold organic 
material. As a result it is easily cleaned and kept clean and so is ideal for hygienic applications 
such as medical or food processing equipment. 

In a first preferred embodiment the circuit offers enhanced detection sensitivity 
to allow reliable operation with small (finger size) touch pads. Susceptibility to variations in 
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supply voltage and noise are minimized by use of a floating - g r ound and supply that follow the 

oscillator signal to power the detection circuit. The enhanced sensitivity allows the use of a 26V 

or lower amplitude oscillator signal applied to the touch terminal and detection circuit. This 

lower voltage (as compared to the device of U.S. Patent No. 4,758,735) obviates the need for 

expensive UL "a pprove^ higher voltage construction measures and testing to handle what would 

otherwise be large enough voltages to cause safety concerns. A further advantage of the present 

invention is seen in the manner in which the touch terminal detection circuit is interfaced to the 

touch terminals and to external control systems. A dedicated microprocessor referenced to the 

Common 

floating supply and -grounc^ of the detection circuit maybe used to cost effectively multiplex a 
number of touch terminal detection circuits and multiplex the associated touch terminal output 
signals over a two line optical bus to a dedicated microprocessor referenced to a fixed supply 
and .toe ground. An additional advantage of the microprocessor is an expanded ability to detect 
faults, i.e. a pad that is touched for an excessive amount of time that is known a priori to be an 
unlikely mode of operation or two or more pads touched at the same time or in an improper 
order. Additionally, the microprocessor can be used to distinguish desired multiple pad touches 
in simultaneous or sequential modes, i.e. two or more switches touched in a given order within 
a given amount of time. The microprocessor can be used to perform system diagnostics as well. 
The microprocessor also allows the use of visual indicators such as LEDs or annunciators such 
as a bell or tone generator to confirm the actuation of a given touch switch or switches. This 
is particularly useful in cases where a sequence of actuations is required before an action occurs. 

12 
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The feedback to the operator provided by a visual or audio indicator activated by the 
microprocessor in response to intermediate touches in a required sequence can minimize time 
lost and/or frustration on the part of the operator due to failed actuations from partial touches 
or wrong actuations from touching the wrong pad in a given required sequence or combination 
5 of touches. The second microprocessor may be used to communicate with the user's control 
system. Additional features include a "sleep mode" to minimize power consumption during 
periods of non-use or power brown outs, and redundant control circuits to facilitate "fail to safe" 
operation. Another improvement is offered in a means to move much of the cost of the system 
into simplified custom integrated circuits that allow ease of sensitivity adjustment and assembly. 

10 In a second preferred embodiment, an improved palm button is featured. Through 

the use of a dielectric cover, a large metallic touch terminal can be used that differentiates 
between the touch of a finger or partial touch and the full touch of a palm. In this way the 
system avoids false triggers due to inadvertent finger touches or brushing contact with the palm 
prior or after an intended touch. The second embodiment also features redundant control circuits 

15 to facilitate "fail to safe" operation. 

To achieve these and other advantages, and in accordance with the purpose of the 

invention as embodied and described herein, the capacitive responsive electronic switching 

circuit comprises an oscillator providing a periodic output signal having a frequency of 50 kHz 

or greater, an input touch terminal defining an area for an operator provide an input by touch, 
(Xs A 

20 and a detector circuit coupled to the oscillator for receiving the periodic output signal from the 
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oscillator, and coupled to the input touch terminal. The detector circuit being responsive to 
signals from the oscillator and the presence of an operator's body capacitance.coupled to the 
touch terminal when touched by an operator to provide a control output signal. Preferably, the 
oscillator provides a periodic output signal having a frequency of 800 kHz or greater. 

These and other features, objects, and advantages of the invention may be realized 
and obtained by means of the instrumentalities and combinations particularly pointed out in the 
written description and claims hereof, as well as by the appended drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 
N Fig. 1 is an electrical schematic of a testing circuit used to measure the impedance 
of the human body; 

\ Fig. 2 is an electrical schematic of a testing circuit used to measure the impedance 

of water; 

\ Fig. 3 is an electrical schematic of an equivalent circuit model for analyzing a 
human body in contact with glass covered with water; 

\ Fig. 4 is a block diagram of a capacitive responsive electronic switching circuit 
constructed in accordance with a first embodiment of the present invention; 

"^Fig. 5 is an electrical schematic of a preferred voltage regulator circuit for use 
in the capacitive responsive electronic switching circuit shown in Fig. 4; 

Fig. 6 is an electrical schematic of a preferred oscillator circuit for use in the 
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capacitive responsive electronic switching circuit shown in Fig. 4; 
^ Fig. 7 is an electrical schematic of a preferred floating -g^eafi^generator circuit 

for use in the capacitive responsive electronic switching circuit shown in Fig. 4; 

^ Fig. 8 is an electrical schematic of a preferred touch circuit for use in the 
5 capacitive responsive electronic switching circuit shown in Fig. 4; 

^ Fig. 9 is a three dimensional bar graph illustrating signal-to-noise ratio vs. body 
capacitance at T= 105 °C; 

Fig. 10 is a three dimensional bar graph illustrating signal-to-noise ratio vs. body 
capacitance at T= 22 °C; 

10 Fig. 11 is a block diagram of a capacitive responsive electronic switching circuit 

constructed in accordance with a second embodiment of the present invention; 

Fig. 12 is a block diagram of a capacitive responsive electronic switching circuit 
constructed in accordance with a third embodiment of the present invention; 

Fig. 13 is an electrical schematic of a preferred voltage regulator, oscillator, and 
15 touch circuits for use in the capacitive responsive electronic switching circuit shown in Fig. 12; 

N^Fig. 14 is an electrical schematic of preferred driver circuits for use in the 
capacitive responsive electronic switching circuit shown in Fig. 12; 

^Figs. 15A-C are top, side, and front views, respectively, of an example of a flat 
palm button constructed in accordance with the present invention; 
20 ^Fig- 16 is a cross-sectional view of an example of a dome- shaped palm button 
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constructed in accordance with the present invention; 

""\Fig. 17 is an electrical schematic of a touch circuit of the present invention 
implemented in a custom integrated circuit; 

Fig. 18 is an electrical schematic of an oscillator having a sleeper circuit for use 
in the capacitive responsive electronic switching circuits of the present invention; 

Fig. 19 is a pictorial view of a device having two palm buttons and an indicator 
light operated in accordance with the present invention; and 

^ Fig. 20A-C are pictorial views of another embodiment of the device shown in Fig. 

19. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As apparent from the above summary, the touch circuit of present invention 
operates at a higher frequency than prior touch sensing circuits. A move to high frequency 
operation (> 50 to 800 kHz) is not a benign choice relative to the lower frequency (60 to 1000 
Hz) operation seen in existing art such as U.S. Patent No. 4,758,735 and U.S. Patent No. 
5,087,825. Higher frequencies require generally more costly, higher speed parts, and often 
results in the added cost of special design measures to minimize electronic emissions and the 
introduction of high frequency noise on power supply lines. The preference for using such 
higher frequencies is based on a study performed to determine if high frequency operation would 
allow a touch of an operator and conduction via surface contamination films, such as moisture, 
providing a conductive path from a non-touched area to the touched area. The study also 
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determined whether a high frequency touch circuit could operate over a sufficiently wide 
temperature range, an assortment of overlying dielectric layer thicknesses and materials, and in 
the presence of likely power supply fluctuations. The following calculations and measurements 
are the results of this study. The results summarize the investigation conducted to reduce 
crosstalk due to condensation of water on the dielectric member (glass). By increasing the 
frequency of operation, the impedance of the body-glass combination is reduced as compared 
to the impedance of water between the touch pads. 

The equivalent circuit of body impedance was measured using the testing circuit 
10 shown in Fig. 1. Testing circuit 10 includes an oscillator 20 coupled between a^ OKtorna* 
ground plate and a 100 kQ series resistor 22 and in parallel with a 10 Mfi resistor 24, a 20 pF 
capacitor 26, and contacts for connecting to a human body identified in the figure as an 
impedance load 15 having an impedance representing the body's impedance. 

A 

Two types of measurements were taken: one with the person under test standing 
on a large ground plane i.e., concrete slab; and another while standing on a subfloor. The 
subfloor was used to simulate a typical northern home, i.e., wood joists with plywood sheeting. 
Carpeting was used as an added insulation layer. Table 1 below shows the measured body 
resistance and capacitance for five individuals. 

TABLE 1 



CONCRETE SLAB 


CONCRETE SLAB 


SUBFLOOR 


SUBFLOOR 



17 



ft 



1.4kfi 


lOOpF 


1.7kO 


73pF 


1.4kfi 


217pF 


1.9kfl 


78pF 


1.3kfl 


174pF 


1.9kfi 


93pF 


1.2kfi 


160pF 


1.6kfi 


85pF 


l.OkQ 


107pF 


1.4kQ 


75pF 



10 

flu 
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As apparent from Table 1 above and the discussion to follow, a human body's impedance may 
be represented by the series combination of a 20-300 pF capacitor and a lk-2kfi resistor. 

The impedance of water, which is mainly resistive, was measured using the testing 
circuit 30 shown in Fig. 2. Testing circuit 30 includes an oscillator 40 coupled in series with 
a 1 MQ resistor 42 and contacts across which water is applied to define an impedance load 35 
having an impedance^XW representing the impedance of water. A true RMS voltage meter 45 
is connected across the contacts of the impedance load 35. 

The resistance of tap water over a lxl inch area and 1/32 inch deep, was 
measured to be around 160 kQ. 

The following calculation is for resistance of rain water where c is the 
conductivity for rain: 
Eq. 1 



cin A 



where, 
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73o 



Ni 



c = 128jc10 _6 (Q-c/w)- 1 



cm = c( )( ) 

m in 



L = 1.0m 



A = (h0 )x(±)=±in 2 
32 32 



therefore, 



R = ( - )jc(J^L) =98.43*0 

325.12jc10" 6 J_ in 2 

32 



However, the thickness of a layer of water condensed on the surface of glass is much less than 
1/32 inch and it's resistance is higher than that of tap water. For design purposes, a resistance 
value of 1 Mfl was used to simulate condensed water. 



5 The capacitance of a piece of glass measuring 1/2" x 1/2" x 1/4", is 

approximately 2 pF. 
Eq. 2 
where, 
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s L(cm) 
K = 0.08842* 10" 6 for vacuum 
6-0<^<10 

,4=0.25 in 1 
1 = 0.25 in 

therefore, 

c max = 10*0.08842 jc 10" 6 x2.54x 10" 6 = 2.25 pF 
C . =6x0.08842xlO"S2.54xlO- 6 = 1.35 pF 

mm -* 



Table 2 below shows the dielectric constant for several types of glass: 

TABLE 2 



TYPE OF GLASS 


Dielectric Constant 
(K) 


Corning 0010 


6.32 


Corning 0080 


6.75 


Corning 0120 


6.65 
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Corning 8870 



9.5 



The equivalent circuit 50 of body touching the glass with the presence of water 
is shown in Fig. 3. As shown, the equivalent circuit 50 includes a polycarbon (PCB) plate 55 
having at least two pads 57 and 59 formed thereon, a glass plate 60 adjacent to PCB plate 55, 
5 water 65 on glass plate 60 spanning at least two touch pad areas, and a body 70 in contact with 
the water 65 and glass plate 60 at one touch pad area. The impedance of glass plate 60 is 
approximated by two 2 pF capacitors 62 and 64 connected to pads 57 and 59, respectively. The 
water 65 is approximated by a 1 Mfl resistor 68 connected between capacitors 62 and 64. The 
body is represented by a 20-300 pF capacitor 72 coupled at one end to water resistor 68 and 
10 glass plate capacitor 62, and by a 1-2 kQ resistor 74 coupled between the other end of capacitor 
72 and a\ *cxtcrnal ground. 

Referring to Fig. 3, it can be seen that a human touch opposite pad 57 will couple 
pad 57 to ground through the capacitance of glass 62 and the series contact with the human body 
impedance provided by the 20-300 pF capacitance and the lk -2kfl resistance of a typical human 
15 body. This will have the effect of pulling any voltage on the pad towards ground. Pad 59 will 
fcs be similarly effected, however it*s coupling to ground will not only be through capacitance 64, 
and the series capacitance and resistance of the human body, but will also be through the ohmic 
resistance of water on the glass cover between the proximate location of pad 59 and the touched 
pad 57. Because the human capacitance is considerably greater than the 2 pF capacitance of the 
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glass, the impedance of the path to ground for pads 57 and 59 will be dominated by the glass 
and water impedances. If the impedance of the water path is significant compared to that of the 
glass, then the effect of a touch will be more significant at pad 57 than at pad 59. To overcome 
the effect of condensation or possible water spills, the impedance of the glass is preferably made 
as small as is practical compared to the impedance of the water. This allows discrimination 
between touched and adjacent pads. As the water impedance is primarily resistive and the glass 
impedance is primarily capacitive, the impedance of the glass will drop with frequency. 

Fig. 3 A shows the maximum and minimum glass impedance as a function of 
frequency. The maximum and minimum glass impedances shown were computed as follows: 

e 0 = 8.854 xlQ- 12 C 2 /(nm 2 ) 



-gmin 



=6 



K, 



^grnax 



= 10 



A=0.25in 2 



L=0.25in 



max 




2.249 pF 



min 




1.349 pF 



Zgmin frequency = l/(27rC max frequency) 



Zgmax frequency = l/(2xC min frequency) 



As can be seen, at 1 kHz, the capacitive impedance of the glass is much greater 
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than the nominal 1 Mfi of the water bridge between the pads. As a result, at 1 kHz, there 
would be little difference in the impedance paths to ground of the two adjacent pads when either 
is touched. This would result in the voltage on both pads being pulled towards ground by 
comparable amounts. Conversely, at 100 kHz, the glass impedance drops to approximately 1 
5 MQ resulting in the impedance of the path to ground for pad 59 being twice that of the touched 
pad 57. For cases where background noise and temperature drifts are comparatively small, a 
100 kHz oscillator frequency would allow a sufficiently low detection threshold to be set to 
differentiate between the signal changes induced at both pads by a human touch opposite a single 
pad. At 800 kHz, the impedance of the glass drops to 200 kii or lower giving a ratio of a 
10 greater than 5 to 1 impedance difference between the paths to ground of the touched pad 57 and 
adjacent pads 59. In fact, the impedance ratio may exceed 10 to 1, as illustrated in the 

Mi 

calculation below. This allows the detection threshold for the touched pad to be set below 
that of an adjacent pad resulting in a much lower incidence of inadvertent actuation of adjacent 
touch pads to that of the touched pad. Ideally, the frequency of operation would be kept at the 

15 800 kHz of the preferred embodiment or even higher. However, as noted earlier, higher 
frequency operation forces the use of more expensive components and designs. For applications 
where thermal drift and electronic noise levels are low, operation at or near 100 kHz may be 
possible. However, at 10 kHz and below, the impedance of the glass becomes much greater 
than that of likely water bridges between pads resulting in adjacent pads being effected as much 

20 by a touch as the touched pad itself. Although the preferred frequency is pr - eferably >at or above 
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100 kHz, and more preferably at or above 800 kHz, it is conceivable that frequencies as low as 
50 kHz could be used provided the frequency creates a difference in the impedance paths of 
adjacent pads that is sufficient enough to accurately distinguish between an intended touch and 
the touch of an adjacent pad. Use of frequencies as low as 50 kHz may also be possible 
depending upon the type of glass or covering or the thickness thereof used for the touch pad. 
However, in cases where there is little or no surface contamination, the frequency of operation 
can go well below 50 kHz. Ultimately, the frequency chosen will be a tradeoff between the 
likelihood of surface contamination and the cost of going to higher frequencies to prevent cross 
talk due to such contamination. The following analysis illustrates one example of how a 
frequency may be calculated based on the typical parameters used to construct a touch switch 
and the typical impedance of a contaminant, such as rain water. In the analysis below a 10 to 
1 ratio of water to glass impedance is sought. 

To eliminate crosstalk due to condensation of water on the glass, the impedance 
of body (Z B ) and glass (Z g ) combination must be much lower than impedance of water (Z w ). 
Since the impedance of glass is much higher than body impedance, Z g will be considered only. 
Therefore, 
Eq. 3 

w\z,\<\z w \ 

where, 
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C 8 lass= 2 P F Z W =IMQ 



Eq. 4 



Z 1 _ 7.96s 10 10 



1A , 7.96s 10'° , .. n 
10s( )< 1 MQ 

/ 



Therefore, 



f> 796 kHz 



Having provided a basis for the use of higher frequencies, the basic construction 
of the electronic switching circuit constructed in accordance with a first embodiment of the 

5 present invention is now described with reference to Fig. 4. The electronic switching circuit 
includes a voltage regulator 100 including input lines 101 and 102 for receiving a 24 V AC line 
voltage and a line 103 for grounding the circuit relative to an cxtcrna^r o uiad - su^-ftS ' thc - ca ' rt i k 
Voltage regulator 100 converts the received AC voltage to a DC voltage and supplies a regulated 
5 V DC power to an oscillator 200 via lines 104 and 105. Voltage regulator also supplies 

10 oscillator 200 with 26 V DC power via line 106. The details of voltage regulator 100 are 
discussed below with reference to Fig. 5. 
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Upon being powered by voltage regulator 100, oscillator 200 generates a square 
wave with a frequency of 50 kHz, and preferably greater than 800 kHz, and having an amplitude 
of 26 V peak. The square wave generated by oscillator 200 is supplied via line 201 to a floating 
CLs - ground^ generator 300, a touch pad shield plate 460, a touch circuit 400, and a microcontroller 
5 500. Oscillator 200 is described below with reference to Fig. 6. 

^ Floating «g*=eaft^ generator 300 receives the 26 V peak square wave from oscillator 

q 200 and outputs a regulated floating . ground ^that is 5 volts below the square wave output from 
oscillator 200 and has the same phase and frequency as the received square wave. This floating 

Common 

* — ground ^output is supplied to touch circuit 400 and microcontroller 500 via line 301 such that the 

lOAs output square wave from oscillator 200 and floating ^ew*^ output from floating ■ground- - 

A 

generator 300 provide power to touch circuit 400 and microcontroller 500. Details of floating 

^ 1 ground jgenerator 300 are discussed below with reference to Fig. 7. 

Touch circuit 400 senses capacitance from a touch pad 450 via line 451 and 

outputs a signal to microcontroller 500 via line 401 upon detecting a capacitance.at touch pad 

A 

15 450 that exceeds a threshold value. The details of touch circuit 400 are described below with 
reference to Fig. 8. 



^0 ffrpurij 

Upon receiving an indication from touch circuit 400 that a sufficient capacitance^ 



(typically at least 20 pF) is present at touch pad 450, microcontroller 500 outputs a signal to a 
load-controlling microcontroller 600 via line 501 , which is preferably a two way optical coupling 
20 bus. Microcontroller 600 then responds in a predetermined manner to control a load 700. 
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Having generally described the basic construction of the first embodiment, the preferred detailed 
construction of the depicted components will now be described with Figs. 5-8. In cases where 
the number of lines to be switched is low, microcontroller 600 can be replaced by additional 
optical coupling lines. The number of lines to be switched will dictate whether it is more cost 
5 effective to multiplex over a two line optical bus such as line 501 and use a microcontroller to 
demultiplex, or to use a multiplicity of optical coupling lines. Other considerations such as 
reliability and power consumption may also affect this choice. In this preferred embodiment, 
the use of a single pair of optical coupling paths (line 501) and a microcontroller 600, is shown 
to emphasize the capability to switch a large number of lines. 

10 A preferred circuit for implementing a voltage regulator 100 is shown in Fig. 5. 

Voltage regulator 100 preferably includes an AC/DC convenor 1 10 for generating 29 V to 36 
V unregulated DC on line 119. This unregulated DC power is supplied to a 5 V DC regulator 
120 and to a 26 V DC regulator 130. AC/DC converter 110 includes diodes 112, 114, 116, and 
118, which rectify the supplied 24 V AC power provided on power lines 101 and 102. The 

15 anode of the first diode 112 is coupled to power line 101 and to the cathode of the second diode 
114. The cathode of the first diode 112 is coupled to output line 119. The anode of the second 
diode 114 is coupled to ground via line 103 and to the anode of the fourth diode 118. The 
anode of the third diode 116 is coupled to the cathode of the fourth diode 118 and to power line 
102. The cathode of the third diode 116 is coupled to line 119 and to the cathode of the first 

20 diode 112. The anode of the fourth diode 118 is coupled to ground via line 103. Diodes 112, 
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114, 116, and 118 are preferably diodes having part no. 1N4002 available from LITEON. 
AC/DC converter 110 also preferably includes a capacitor 115 for filtering the rectified output 
of the diodes. Capacitor 115 is preferably a 1000 /xF capacitor coupled between output line 119 
and ground via line 103. 

5 The 5 V regulator 120 preferably includes a 500 Q resistor 122 coupled between 

line 119 and 5 V output line 104, and a zener diode 124, a first capacitor 126, and second 
capacitor 128 all connected and parallel between output power lines 104 and 105. Preferably, 
zener diode 124 is a 5.1 V zener diode having part no. 1N4733A available from LITEON, first 
capacitor 126 has a capacitance of 10 pcF, and second capacitor 128 has a capacitance of 0. 1 /xF. 

10 The 26 V regulator 130 preferably includes a transistor 134 having a collector 

connected to line 119 via a first resistor 132, a base connected to line 119 via a second resistor 
136, and an emitter coupled to the regulated 26 V output power line 106. The 26 V regulator 
130 also preferably includes a capacitor 137 and zener diode 138 connected in parallel between 
the base of transistor 134 and ground line 103. Preferably, first resistor 132 is a 20 0, 0.5 W 

15 resistor, second resistor 136 is a 1 kQ, 0.5 W resistor, capacitor 137 is a 0.1 /xF capacitor, and 
zener diode 138 is a 27 V, 0.5 W diode having part no. 1N5254B available from LITEON. It 
will be apparent to those skilled in the art, that various components of voltage regulator 100 may 
be added or excluded depending upon the source of power available to power the oscillator 200. 
For example, if the available power is a 110 V AC 60 Hz commercial power line, a transformer 

20 may be added to convert the 110 V AC power to 24 V AC. Alternatively, if a DC battery is 
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used, the AC/DC converter among other components may be eliminated. 

A preferred example of an 800 kHz oscillator is shown in Fig. 6. Oscillator 200 
preferably includes a square wave generator 210, which is powered by 5 V regulator 120 via 
lines 104 and 105, for generating a 5 V peak square wave having the desired frequency, and a 
buffer circuit 230 powered by 26 V regulator 130 via line 106 for buffering the output of square 
wave generator 210 and boosting its peak from 5 V to 26 V while maintaining the preferred 
frequency. Square wave generator 210 is preferably an astable multivibrator constructed with 
at least two serially connected invertor gates 212 and 214, and optionally, a third serially 
connected invertor gate 216. Invertor gates 212, 214 and 216 are preferably provided in a single 
integrated circuit designated as part 74HC04 available from National Semiconductor. The output 
of the first invertor gate 212 is coupled to it's input via resistors 218 and 222 and is coupled to 
the output of the second invertor gate 214 via a capacitor 224. The input of the second invertor 
gate 214 is -eouple^ to the output of the first invertor gate 212 and the output of the second 

dirt/ski* terttit&Uxi l 

invertor gate 214 is «floup l ed ^to thg^eat p ut- o f - the input of the optional third invertor gate 21^. 
To provide an 800 kHz output, resistor 218 preferably has a 10.0 kQ value, resistor 222 
preferably has a 1.78 kQ value, and capacitor 224 is preferably a 220 pF capacitor. 

The 5 V peak square wave generated by square wave generator 210 is supplied 
from either the output of invertor gate 214 or the output of optional invertor gate 216 to the base 
of a first transistor 238 via a first resistor 232 connected and parallel a capacitor 234. The base 
of first transistor 238 is connected to the 26 V regulated DC power line 106 via a second resistor 
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236. The collector of first transistor 238 is connected to 26 V power line 106 via a third resistor 
240 and to the base of a second transistor 244. The emitter of first transistor 238 is coupled to 
ground and to it's own collector and the base of second transistor 244 via a fourth resistor 242. 
The collector of the second transistor 244 is connected directly to 26 V power line 106 and the 
emitter of second transistor 244 is connected to ground via a fifth resistor 246. Second 
transistor 244 provides the 26 V peak square wave on output line 201, which is connected to it's 
emitter. In operation, the square wave signal applied to the base of transistor 238 causes the 
collector of transistor 238 to swing between^the DC supply 106 voltage and the collector-emitter 
saturation voltage. Capacitor 234 is provided to improve the turning off of transistor 238. 
Transistor 244 along with resistors 242 and 246 are used to buffer the square wave signal 
generated by transistor 238. In a preferred embodiment, the values of the resistors and capacitor 
are as follows: first resistor 232 is 5.1 kfl, capacitor 234 is 0.0047 /zF, second resistor 236 is 
1 Mfl, third resistor 240 is 1.6 kfi, fourth resistor 242 is 100 kfi, and fifth resistor 246 is 4.7 
kfl. Preferably, transistors 238 and 244 are those identified as part no. ZTX600 available from 
ZETEX. In this configuration, the oscillator 200 sources 80 mA to -geRCT^floating 5 V DC 

«) V 

-aud-powerj-ttp touch circuity 400, microcontroller 500, and Schmitt triggered gates 420 (Fig. 
8). As will be apparent to those skilled in the art, the values of the resistors and capacitors 
utilized in oscillator 200 may be varied from those disclosed above to provide for different 
oscillator output frequencies. As discussed above, however, oscillator 200 is preferably 
constructed so as to output a square wave having a frequency of 50 kHz or greater, and more 
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preferably, of 800 kHz or greater. In some cases it may be necessary to use lower gain 
bandwidth product transistors or filtration to achieve a softer roll-off of the square edges to 
reduce high frequency noise emissions. When this is done the amplitude of the oscillator voltage 
(X^ ■ mirst^ be increased to compensate. 
5 ^^Xj ^ e P re ^ errec ^ cons truction of floating ground generator 3^^^hown in Fig. 7 

* and - p r efera b ly includes a zener diode 310 having a cathode connected to the oscillator output 
on line 201 and an anode connected to floating ground output line 301 and to ground via resistor 
316 and diode 318. Floating ground generator 300 also preferably includes a first capacitor 312 
and a second capacitor 314 connected in parallel with zener diode 310. In the preferred 
10 embodiment, zener diode 310 is a 5.1 V zener diode identified by part no. 1N4733A available 
from LITEON, capacitor 312 is a 47 /xF tantalum capacitor, capacitor 314 is a 0.1 /xF capacitor, 
resistor 316 is a 270 Q resistor, and diode 318 is a diode identified as part no. 1N914B available 
from LITEON. 

Touch circuit 400, as shown in Fig. 8, preferably includes a transistor 410 having 
15 a base connected to touch pad 450 via resistor 413 and line 451, an emitter coupled to oscillator 
output line 201, and a collector coupled to floating ground line 301 via a pulse stretcher circuit 
^ 417, which includes a resistor 416 and a capacitor 418 connected in parallel foetweefiHfos- 
Q^y rollrrtor of trnnrim™- ^ n floating g r ffl in(yj|^, 3flJ To minimize susceptibility to noise, the 
physical length of the path between the touch pad 450 and the base of the transistor 410, must 
20 be held to a minimum. Additionally, RC filters can be placed in line 401 between the output 
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of the touch circuit 400 and the input of the microcontroller 500 to give additional EMI/RFI 
immunity. Additionally, the higher the frequency, the higher the gain bandwidth product that 
is required in transistor 410. The gain bandwidth product must be sufficient to guarantee that 
the oscillator turns on during oscillator High pulses. A further trade-off is to use higher gain 
bandwidth product to allow lower oscillator voltages or higher oscillator voltages to all allow 
a lower gain bandwidth product transistor to be used. The combination of oscillator voltage, 
frequency and transistor gain bandwidth product that is used will necessarily vary with the cost, 
safety and reliability requirements of a given application. The present combination was chosen 
to keep the oscillator voltage down and allow operation at 800 kHz to minimize cross talk. At 
higher frequencies a higher gain bandwidth product transistor would be required in both the 

ftfifw Hit 

oscillator 200 and detection 400 circuits. Touch circuit 400 also preferably includes a diode 414 
having an anode connected to the base of transistor 410 and^resistor 413, and a cathode 
connected to the emitter of transistor 410 and to a resistor 412 connected in parallel with diode 
414 between the base and emitter of transistor 410. The pulse stretcher circuit 417 is identified 
as such because the sensitivity of the touch circuit may be increased or decreased by varying the 
resistance of resistor 416. /Resi stor 413 i a - uscd to limit t h e b ase cm i cn fr 

Additionally, touch circuit 400 may include at least one Schmitt triggered gate 420 
powered by the voltage difference existing between oscillator line 201 and 301, and having an 
input terminal coupled to the collector of transistor 410 and an output coupled to microcontroller 
500 via output line 401. Schmitt triggered invertor gate 420 is optionally provided to improve 
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the rise time of the touch switch output and to buffer the output. Preferably, transistor 410 is 
part no. BC858CL available from Motorola, resistor 412 is a 12 MQ resistor, diode 414 is part 
no. 1N914B available from Diodes, Inc., resistor 416 is a 470 kfi resistor, capacitor 418 is a 
0.001 fxF capacitor, and resistor 413 is a 10 kii resistor. y / 



a typical person from between 20 to 300 pF. The base terminal of transistor 410 is coupled to 

it's emitter by resistor 412 such that unless capacitance is present by the user touching the touch 

pad 450, transistor 410 will not be forward biased and will not conduct. Thus, when touch pad 

450 is not touched, the output signal at the collector terminal of transistor 410 and across pulse 

stretcher circuit 417 will be zero volts. When, however, a person touches the touch pad 450, 

that person's body capacitance^couples the base of transistor 410 to -©aftf* ground 103 through 

resistor 413, thereby forward biasing transistor 410 into conduction. This charges capacitor 418 

providing a positive DC voltage with respect to the line 301 and causes the output of the Schmitt 

trigger 420 to go low. Diode 414 is coupled across the base to emitter junction of transistor 410 

to clamp the base emitter reverse .voltage to -0.7 V /tfrcr e by - f edu cing the forward recovery and 

A A 

turn-on time. 



plate members are mounted on one surface thereof. The substrate is an insulator and the plates 
are spaced apart in order to insulate the plates from one another and from ground. Also, 
positioned on the substrate is a guard band, generally shown as 460. Guard band 460 is a grid 




As stated above, the operator's body includes a capacitance, which may range in 

A 



Touch pad 450 includes a substrate on which a plurality of electrically conductive 
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of conductor segments extending between adjacent pairs of plate members. All conductor 
segments are physically interconnected to define a plurality of spaces with one plate member 
positioned centrally within each space. Components of the touch circuit may be positioned on 
the side of substrate opposite plate members and guard band 460. 
5 A planar dielectric member is spaced from the substrate facing plate members. 

The dielectric member is made from a non-porous insulating material such as polycarbonate or 
glass. A plurality of electrically conductive spring contacts are sandwiched between the inner 
surface of the dielectric member and the substrate. An indicia layer may be adhered to the inner 
surface of the dielectric member to provide an indication of the function of each input portion. 

10 As mentioned above, interface between the dielectric member and a conductive 

plate is a metallic spring contact that is attached to the back of the dielectric member. The 
spring contacts offer advantages at high temperature extremes. However, for sufficiently narrow 
temperature ranges, conductive polymer foam pads cut to the size of the touch pads are 
preferably used to fill the gap between conductive pad and dielectric layer. The function of the 

15 spring contacts or conductive foam pads is to eliminate that capacitive contribution of the air 
filled gap between the conductive pads and the overlying dielectric layer. 

A problem with capacity responsive keyboards is the tendency of switches that 
are closely positioned in a keyboard system to inadvertently become actuated even though the 
user is touching an adjacent switch. Furthermore, this problem is greatly aggravated by the 

20 presence of contamination on the outer surface of dielectric member. Contamination such as 
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skin oil or moisture causes erratic keyboard operation and multiple switches will turn on even 
though one switch is touched. By operating at a high frequency such as 100 kHz or 800 kHz, 
the impedance of the series combination of body and glass capacitance are lowered as compared 
to the impedance of contamination present on the glass thereby reducing crosstalk. 

If glass thickness is smaller than 3/16 inch, the touch circuit becomes more 
sensitive to body capacitance. There are two ways to adjust the sensitivity so that crosstalk does 
not occur: remove diode 414 and/or reduce the resistance of resistor 416. Increasing the 
resistance of resistor 416 would allow usage of thicker glass. However, this resistance 
preferably should not go above 750 kQ. This is because of the maximum low input voltage of 
0.8 V and input leakage current of 1 /xA at the Schmitt trigger gate 420. 

The oscillator circuitry shown in Fig. 6 is very stable over the temperature range 
of -40 °C to 105 °C. The output of the touch switch circuitry drops at a rate of approximately 
40mV/°C when temperature falls below 0°C. If application requires operation at low 
temperatures (-40°C), the following three methods may be used to increase the output of the 
switch: increase the oscillator's regulated supply voltage, increase the resistance of resistor 416, 
and use a higher gain transistor 410. All of these methods would increase sensitivity at high 
temperatures. Another way to correct this problem is to use a thermistor to vary the regulated 
supply voltage as a function of temperature. 

Since the input power is regulated down to 26 V DC, variation of power (24 V 
AC ± 10% or 29 V DC to 36 V DC) does not affect circuit operation. Table 3 below shows 
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the measured output voltage of the switch for various supply voltages. 
73?£X TABLE 3 
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SUPPLY VOLTAGE 


SWITCH OUTPUT 


36VDC 


4.96V 


35VDC 


4.96V 


34VDC 


4.95V 


33VDC 


4.95V 


32VDC 


4.94V 


31VDC 


4.93V 


30VDC 


4.93V 


29VDC 


4.92V 



PSRR = 6 mV/V = -45dB 



In order to determine the effect of body capacitance on circuit operation, the 
circuit of Fig. 3 was used to simulate glass, water resistance, and body capacitance. The 
15 following two conditions were simulated and tested: 

1 - The maximum body capacitance that does not cause crosswalk when: 

Temperature = 105°C 
Supply Voltage = 36VDC 
Glass Capacitance = 2pF 
20 ' Water Resistance = 330k to 1MQ 

2 - The minimum capacitance to turn on a switch when: 

Temperature = 0°C 
Supply Voltage = 29VDC 



t 



Glass Capacitance = 2pF 
3 - Operation at room temperature. 

Table 4 below shows the signal and noise voltages at the switch output for 
different values of body capacitance and contamination resistance. 

TABLE 4 





BODY CAPACITANCE 


CONTAMINATION 
RESISTANCE 


20pF 


220pF 


330pF 


550pF 


1230pF 


330 kfl 


S: 5.1V 
N: 2.0V 


S: 5.1V 
N: 4.0V 


S: 5.1V 
N: 4.5V 


S: 5.1V 
N: 4.9V 


S: 5.1V 
N: 5.0V 


500 k« 


S: 5.1V 
N: 0.2V 


S: 5.1V 
N: 0.6V 


S: 5.V 
N: 0.7V 


S: 5.1V 
N: 0.8V 


S: 5.1V 
N: 0.8V 


1 MO 
(Condensed Water) 


S: 5.1V 
N: 0.1V 


S: 5.1V 
N: 0.1V 


S: 5.1V 
N: 0.1V 


S: 5.1V 
N: 0.1V 


S: 5.1V 
N: 0.1V 


NONE 


S: 5.1V 
N: lOmV 


S: 5.1V 
N: lOmV 


S: 5.1V 
N: lOmV 


S: 5.1V 
N: lOmV 


S: 5.1V 
N: lOmV 



S = Signal (TOUCH) 
N = Noise (NO TOUCH) 
supply voltage = 36VDC 
temperature = 105 °C 



With contamination resistance of 1 Mfi or more, the circuit is insensitive to body 
capacitance variations and has a minimum signal-to-noise ratio of -34dB. With no 
contamination, signal-to-noise ratio is approximately -54dB. The graph in Fig. 9 shows the 
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signal-to-noise ratio versus body capacitance, for different values of contamination resistance at 
105 °C. The minimum body capacitance to turn on a switch is 20 pF. 

At room temperature, crosstalk decreases because of gain drop of transistor 410. 
Table 5 below shows that at room temperature, the circuit rejects 250 kfi of contamination, 
independent of body capacitance. Below 250 kQ, body capacitance will affect crosstalk. 

TABLE 5 





BODY CAPACITANCE 


CONTAMINATION 
RESISTANCE 


20pF 


220pF 


330pF 


550pF 


1230pF 


200kQ 


S: 5.1V 
N: 0.2V 


S: 5.1V 
N: 1.0V 


S: 5.1V 
N: 1.2V 


S: 5.1V 
N: 1.8V 


S: 5.1V 
N: 2.2V 


250kfl 


S: 5.1V 
N: 0.1V 


S: 5.1V 
N: 0.1V 


S: 5.1V 
N: 0.5V 


S: 5.1V 
N: 0.5V 


S: 5.1V 
N: 0.5V 


330kQ 


S: 5.1V 
N: 0.1V 


S: 5.1V 
N: 0.1V 


S: 5.1V 
N: 0.1V 


S: 5.1V 
N: 0.1V 


S: 5.1V 
N: 0.1V 


1MO 

(Condensed Water) 


S: 5.1V 
N: 0.1V 


S: 5.1V 
N: 0.1V 


S: 5.1V 
N: 0.1V 


S: 5.1V 
N: 0.1V 


S: 5.1V 
N: 0.1V 



S=Signal(TOUCH) 
N=Noise(NO TOUCH) 
supply voltage = 36VDC 
temperature = 25 °C 

The graph of Fig. 10 shows the measured signal-to-noise ratio versus body 



capacitance, for different contamination resistance values at room temperature. 

The particular advantages of the preceding circuit over that of existing touch 
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detection circuits such as that disclosed in U.S. Patent No. 4,758,735, are the use of diode 414 
(selected for high speed) to minimize forward recovery time rather than merely provide reverse 
polarity protection (as with the slower type of diode used in the existing circuits) and the 
omission of a capacitor coupled across the base to emitter junction of the detection transistor 410 
5 to make the circuit more sensitive and operable with a lower oscillator amplitude and higher 
oscillator frequency. These features along with appropriate choices in component values make 
possible operation at significantly higher frequencies ( > 50 to 800 kHz) than are seen in existing 
art (60 to 1000 Hz). At frequencies at or near 800 kHz, the 20-300 pF of capacitance to ground 
offered by the human body presents a considerably lower impedance than the primarily resistive 

10 impedance of skin oil or water films that may appear on the dielectric layer overlying the 
conductive touch pads. This allows the peak voltage of a pad that is touched to come 
considerably closer to ground than adjacent pads which will have a voltage drop across any 
contaminating film layer that is providing a conductive path to the area that is touched. The 
enhanced sensitivity offered by the omission of any capacitor between the base and emitter of 

15 the detection transistor 410, allows the threshold of detection to be set much closer to ground 
than would be the case otherwise. This allows discrimination between the pad that is touched 
and adjacent pads that might be pulled towards ground via the conductive path to the touch 
formed by a contaminating film. This high frequency regime of operation offers a considerable 
advantage relative to the existing art in terms of immunity to surface contaminants such as skin 

20 oil and moisture. 
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A multiple touch pad circuit constructed in accordance with the second 
embodiment is shown in Fig. 11. In the second embodiment of Fig. 11, components similar to 
those in the first embodiment in Fig. 4 are designated with the same references numerals and 
will not be discussed in detail. The multiple touch pad circuit is a variation of the first 
embodiment in that it includes an array of touch circuits designated as 900j through 900 nm , 
which, as shown, include both the touch circuit 400 shown in Figs. 4 and 8 and the input touch 
terminal pad 451 (Fig. 4). Microcontroller 500 selects each row of the touch circuits 900 1 to 
900 nm by providing the signal from oscillator 200 to selected rows of touch circuits. In this 
manner, microcontroller 500 can sequentially activate the touch circuit rows and associate the 
received inputs from the columns of the array with the activated touch circuit(s). To keep the 
path length^between the touch pad -45^ and the base to the detection transistor 410 to a 
minimum, the detection circuits 900 are physically located directly beneath the touch pads. To 
simplify assembly, a flexible circuit board such as vended by Sheldahl, Inc. or Circuit Etching 
Technics, Inc. can be used for this purpose. Ideally, the printed circuit will be fixed directly 
against the surface (typically glass) bearing the conductive touch pads to eliminate air gaps and 
the need for conductive foam pads and spring contacts which were used to fill air gaps. 

For this second embodiment, the oscillator 200 of the first embodiment may be 
slightly modified from that shown in Fig. 6 to include a transistor (not shown) coupled between 
the oscillator output and ground with it's base connected to microcontroller 600 such that 
microcontroller 600 may selectively disable the output of oscillator 200. 
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The use of a high frequency in accordance with the present invention provides 
distinct advantages for circuits such as the multiple touch pad circuit of the present invention due 
to the manner in which crosstalk is substantially reduced without requiring any physical structure 
to isolate the touch terminals. Further, the reduction in crosstalk afforded by the present 
5 invention, allows the touch terminals in the array to be more closely spaced together. 

A third embodiment of the present invention, which provides touch circuit 
redundancy, is described below with reference to Figs. 12-14. As shown in Fig. 12, the 
switching circuit according to the third embodiment includes a voltage regulator 1100 for 

Witt firpfc'U QwnuAion 

regulating power supplied by 24 V DC power lines 1101 and 1102j . ■ 

10^/ 1103,-aed-for supplying the regulated power to an oscillator 1200 via lines 1104 and 1107. 

Oscillator 1200 supplies a continuous and periodic signal to touch circuits 1400a 

and 1400b via line 1201. Preferably, the frequency of the oscillator output signal is at least 100 

kHz, and more preferably, at least 800 kHz. The two touch circuits 1400a and 1400b are 

identical in construction and both receive the output of touch terminal 1450 via line 1451. A 
15 detailed description of the preferred voltage regulator circuit 1100, oscillator 1200, and touch 

circuits 1400a and 1400b is provided below with reference to Fig. 13 following the description 

of the remaining portion of the third embodiment. 

The output of the first touch circuit 1400a is supplied to a first driver circuit 1500 

via line 1401a while the output of the second touch circuit 1400b is supplied to a second driver 
20 circuit 1600 via line 1401b. The two driver circuits 1500 and 1600 are provided to drive first 
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and second serially connected switching transistors 1700 and 1710. The switching transistors 
1700 and 1710 must both be conducting to supply power to a relay switch 1800. Thus, if one 
of touch circuits 1400a and 1400b does not detect a touch of touch terminal 1450, one of 
switching transistors 1700 and 1710 will not conduct and power will not be supplied to relay 
5 switch 1800. The preferred construction of driver circuits 1500 and 1600 and relay switch 1800 
are described below with reference to Fig. 14. 

As shown in Fig. 13, voltage regulator 1100 may be constructed by providing a 
first capacitor 1110 and a varistor 1112 connected in parallel across input power terminals 1101 

Vi<p line iio3 {oCfn>wf\d 

and 1102. Preferably, return power terminal 1102 is connectec ^to rolativ© ^ arth > g'FeftnAJ . lQ3 . 
10 Varistor 1112 is used to protect the circuit for over-voltage conditions. Also connected in 

parallel with first capacitor 1110 and varistor 1112, are the serially connected combination of 

a fuse 1114, a diode 1116, a resistor 1118 and two parallel connected capacitors 1120 and 1122. 

The voltage regulator 1100 is reverse polarity protected by diode 1116 and current limited by 

resistor 1118. Capacitors 1120 and 1122 provide filtering. 
15 Voltage regulator 1100 further includes a zener diode 1128 having it's cathode 

connected to a node between resistor 1118 and capacitors 1120 and 1122 and to output power 
Q^y line 1104. The anode of zener diode 1128 is coupled to output pefwcr l m0^ 11O7 and to Tetetrv e* 

ground line 1103 via two serially connected resistors 1124 and 1126. Zener diode 1128 and 

resistors 1124 and 1126 generate regulated 15 V DC. Two capacitors 1130 and 1132 are 
20 connected in parallel with zener diode 1128 between power lines 1104 and 1107. Capacitors 
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1130 and 1132 provide filtering and decoupling, respectively. Preferably, capacitor 1110 has 
a capacitance of lOOOpF, 1000V, varistor 1112 is part no. S14K25 available from Siemens, fuse 
1114 is a l A A fuse, diode 1116 is part no. 1N4002 available from LITEON, resistor 1118 has 
a resistance of 10Q, ViW, capacitor 1120 has a capacitance of 22jxF, 35V, capacitor 1122 has 
a capacitance of 0. 1/xF, zener diode 1128 is part no. 1N4744A available from LITEON, resistor 
1124 has a resistance of 220Q, resistor 1126 has a resistance of 2200, capacitor 1130 has a 
capacitance of ljxF, 25V, and capacitor 1132 has a capacitance of O.ljuF. 

Oscillator 1200 is preferably comprised of a first invertor gate 1210 havinguit's 
input coupled t<yt's)output via resistors 1214 and 1216, and a second invertor gate 1212 having 



V3 1 





_ input coupled to the output of first invertor gate 1210 an^ it's (putput coupled twit's ipput 
via a capacitor 1218 and resistor 1216. The oscillating output of the second invertor gate 1212 
is buffered via transistor 1226, which ha^^^base connected to the output of second invertor 
gate 1212 via resistor 1220 and capacitor 1222, which are connected in parallel therebetween. 
The base of transistor 1226 is also coupled to power line 1104 via a resistor 1224. The emitter 
of transistor 1226 is connected to power line 1104 and the collector is connected to power line 
1107 via a resistor 1230, to the anode of a diode 1228, and to the oscillator output line 1201. 
Diode 1228 ^ a ^^|f cathode connected to power line 1104 and is used to protect transistor 1226. 

Preferably, invertor gates 1210 and 1212 are provided by part no. CD40106B 
available from Harris, resistor 1214 has a resistance of lOkQ, resistor 1216 has a resistance of 
1 . 18kQ, 1 % , capacitor 1218 has a capacitance of 220pF, resistor 1220 has a resistance of 4.7ki2, 
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capacitor 1222 has a capacitance of 220pF, resistor 1224 has a resistance of lOOkQ, transistor 
1226 is part no. MMBTA70L available from Motorola, diode 1228 is part no. RLS4448 
available from LITEON, and resistor 1230 has a resistance of 3.3kO. 

Two touch circuits 1400a and 1400b are provided in parallel to provide 
redundancy so that if one fails, the relay drivers are disabled. Because the touch circuits 1400a 
and 1400b are identical, only one of the touch circuits will now be described. Touch circuit 
1400a preferably includes two resistors 1410a and 1412a coupled in series between touch 
terminal output line 1451 and the base of a tran s i s tor^ 1420a. Transistor 1420 hash's emitter 
connected to the oscillator output line 1201 and^t's^collector connected to power line 1107 via 



a resistor 1422a. Touch circuit 1400a further includes a diode 1414a, a capacitor 1416a, and 
a resistor 1418a all connected in parallel between the base of transistor 1420a and the emitter 
thereof, which is connected to oscillator output line 1201. Touch circuit 1400a also includes a 
diode 1424a havin^^^anode connected to the collector of transistor 1420a an^^s^ithode 
connected to touch circuit output line 1401a via a resistor 1426a. 

Preferably, resistor 1410a has a resistance of 5.1kfi, resistor 1412a has a 
resistance of 5.1kQ, diode 1414a is part no. RLS4448 available from LITEON, capacitor 1416a 
has a capacitance of 240pF, resistor 1418a has a resistance of 12MQ, transistor 1420a is part 
no. BC857CL available from Motorola, resistor 1422a has a resistance of lOOkO, diode 1424cu 
is part no. RLS4448 available from LITEON, and resistor 1426a has a resistance of lOOkfi. 

The preferred detailed construction of the first and second driver circuits 1500 and 
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1600 will now be described with reference to Fig. 14. In first driver circuit 1500, the output 

fik_ line 1401a of first touch circuit 1400a is connected to power line 1107 via a resistor 1510 and 

A 

also via a capacitor 1512 connected in parallel therewith. The output line 1401a is also 
0^ connected to the 4i e g a tiv ^ tenninal of an operational amplifier 1514. The -pesiti^terminal of 
5 operational amplifier 1514 is connected to line 1502, which runs between first and second driver 
circuits 1500 and 1600 and is connected to power line 1104 via a resistor 1626. The output of 
op amp 1514 is connected to power line 1104 via a resistor 1518 and to the input of a Schmitt 
trigger invertor gate 1516. The output of Schmitt trigger invertor gate 1516 is connected to the 
input of a second Schmitt trigger invertor gate 1526 via a resistor 1520. A diode 1522 is 
10 connected in parallel with resistor 1520 with it's cathode connected to the output of invertor gate 
Ou 1516 and it's anode connected to the input of invertor gate 1526 and to power line 1107 via 

bipolar PNP A 



v\Vd 



Ou capacitor 1524. The output of invertor gate 1526 is connected to the base of^switching transistor 

Co 1700 via a resistor 1528. The base of transistor 1700 is also connected to power line 1107 via 

A 




a capacitor 1532 and to power line 1104 and it's jemitter via a resistor 1530. 

15 Preferably, resistor 1510 has a resistance of 10M12, capacitor 1512 has a 

capacitance of O.OljLtF, op amp comparator 1514 is part no. LM393 available from National 
Semiconductor, invertor gate 1516 is part no. CD40106B available from Harris, resistor 1518 
has a resistance of lOkQ, resistor 1520 has a resistance of 1MQ, diode 1522 is part no. RLS4448 
available from LITEON, capacitor 1524 has a capacitance of 0.22/xF, invertor gate 1526 is part 

20 no. CD40106 available from Harris, resistor 1528 has a resistance of 12kQ, resistor 1530 has 
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a resistance of 10(M2, capacitor 1532 has a capacitance of 0.01/xF, and transistor 1700 is part 

no. MMBTA56L available from Motorola. 

In second driver circuit 1600, the output line 1401b of second touch circuit 1400b 
torn mo* 

frj is connected to power line 1107 via a resistor 1610 and also via a capacitor 1612 connected in 

5 parallel therewith. The output line 1401b is also connected to the . negative ^terminal of an 

<0 operational amplifier 1614. The -pewti^ terminal of operational amplifier 1614 is connected to 

0* line 1502, which is connected to power line 1104 via resistor 1626. The -positive^terminal of 

Ct>rn*v\or\ 

a op amp 1614 is also connected to power line 1107 via a capacitor 1616 and a resistor 1618, 

K 

which are connected in parallel. The output of op amp 1614 is connected to power line 1104 

10^ via a resistor 463^and to the coupled inputs of a Schmitt trigger invertor gate 1628. The output 

of op amp 1614 is also connected tout's fositiw.input terminal via a resistor 1624. The output 

(Xy of Schmitt trigger invertor gate 1628 is connected to the input of a second Schmitt trigger 

A 

invertor gate 1638 via a resistor 1632. A diode 1634 is connected in parallel with resistor 1632 
wit% it's cathode connected to the output of invertor gate 1628 ana it's anode connected to the 

15,* J input of invertor gate 1638 and to power line 1107 via a capacitor 1636. The output of invertor 
gate 1638 is connected to the base of switching transistor 1710 via a resistor 1640. The base 
of transistor 1710 is also connected to power^line 1107 via a capacitor 1642 and to power line 
1104 via a resistor 1644. Second driver circuit 1600 also preferably includes capacitors 1620 
and 1622 connected in parallel betweenlt^connections to power lines 1104 and 1107. 

20 Preferably, resistor 1610 has a resistance of 10MO, capacitor 1612 has a 
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capacitance of 0.01/iF, op amp comparator 1614 is part no. LM393 available from National 
Semiconductor, capacitor 1616 has a capacitance of 0.01/xF, resistor 1618 has a resistance of 
20kfi, capacitor 1620 has a capacitance of 0.1/zF, capacitor 1622 has a capacitance of 0.1/aF, 
resistor 1624 has a resistance of lOOkfl, resistor 1626 has a resistance of 10ki2, invertor NAND 
5 gate 1628 is part no. CD4093B available from Harris, resistor 1630 has a resistance of lOkO, 
resistor 1632 has a resistance of lMfl, diode 1634 is part no. RLS4448 available from LITEON, 
capacitor 1636 has a capacitance of 0.22/xF, invertor NAND gate 1638 is part no. CD4093B 
available from Harris, resistor 1640 has a resistance of 12kQ, capacitor 1642 has a capacitance 
of O.OljtxF, resistor 1644 has a resistance of lOOkQ, and transistor 1710 is part no. MMBTA56L 
10 available from Motorola. 




In operation, the output of transistor 1420a (Fig. 13) taken'at it'scollector is 
rectified by diode 1424a and a DC level is generated by resistors 1426a and 1510^and capacitor 
1512 (a DC level of the output of transistor 1420b is generated by resistors 1426b and 1610 and 
capacitor 1612). When this DC level exceeds the upper threshold voltage of op amp comparator 
15^ 1514 (1614), the output ofschrnitt triggered invertor gate 1516 (£>28) goes high whieh charges 
capacitor 1524 (1636) through resistor 1520 (1632). Gates 1516 and 1526 (1628 and 1638), 
f\ resistor 1520 (1632), and capacitor 1524 (15^36) provide denounce in a conventional manner. 
Diode 1522 (1634) is used to provide fast release when palm of the hand is removed from the 
■ button^l450. The output of the debounce circuitry drives transistor 1700 (1710). Resistor 1528 
20 (1640) and capacitor 1532 (1642) are used to filter noise. Both touch circuits must be functional 
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in order to drive the relay switch 1800. Also, if one of the transistors 1700 or 1710 fails, the 
relay will not be activated. 

Relay switch 1800 may be any conventional relay. An example of such a relay 
is shown in Fig. 14. Relay switch 1800 may include a relay coil 1810 coupled between the 
5 selective power supply 171 1 of transistors 1700 and 1710 and ground, and a pair of magnetically 
responsive switches that switch from normally closed terminals 1805 and 1807 to normally open 
terminals 1801 and 1803 when the relay coil is energized. A zener diode 1815 may be placed 
in series with a diode 1820 to reduce stress on the relay coil 1810 and to protect transistor 1710 
when transistors 1700 and 1710 switch off. 
10 Although the touch circuits of the third embodiment are disclosed as operating a 

relay switch via driver circuits, it will be appreciated by those skilled in the art that the outputs 
of touch circuits 1400a and 1400b could be supplied to a microcontroller in the manner discussed 
above with respect to the first embodiment. 

The palm button switch of the present invention uses two redundant touch switch * 

rf we, tOuc/) Swiltk Circuit r£W flflwr 

15 d, circuits, such as shown in Fig. 12, to disable relay drivers if one fails and redundant^circuitry 

q to turn off a relay switch if one^fails. 

Alternatively, the circuitry shown in Fig. 4 could be used. In another 
embodiment a method to prevent inadvertent actuations is to require a multi-step process. 
Referring to Fig. 19, a device is shown having a first palm button 2201, a second palm button 
20 ^ 2202, and an indicator light -226i A has to be activated first and then button 2202 has to be 
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(s^ activated -seeefid within a 2 second time window before a desired actuation can occur. The 90 
degree orientation of the two buttons makes it extremely difficult to accidently touch both with 
an arm and an elbow or other such physical combination. An added advantage is that the motion 
required to move the hand from button 2201 to button 2202 can provide some relief from fatigue 
5 in the forearm by the resulting muscle flexure that would otherwise not occur if the hand had 
to be kept near a single button for extended periods of time. A further redundancy can be 
achieved by requiring simultaneous operation of two such devices, one for each hand. This 
provides further safeguards against inadvertent actuations and forces the operator to have both 
hands in a desired safe location once a desired actuation occurs. A further option is to provide 

10 one or more LEDs 2205 or audible annunciators for visual or audible feedback to the operator. 
Specifically, in Fig. 19 the LED 2205 will come on when button 2201 has been successfully 
activated to cue the operator that it is time to move to button 2202. Where required a second 
LED with a different color than the first (yellow for the first LED and red for the second) can 
be provided to provide visual confirmation that the second button 2202 has been activated or that 

15 the required combination of the two buttons has been activated. Two different audible tone or 
sound generators could also be used in lieu of the LEDs to provide feedback to the operator. 
In industrial or other challenging settings, the housing is made of high strength polycarbonate 
(or other high strength non-metallic material) to meet high impact and vibration requirements, 
preferably NEMA 4. A further option is to provide lighting for the switches to allow operation 

20 in the dark. 
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In a variation of the multi-step process, two touch plates within a housing (one 
vertical and one horizontal) are used to provide a two-step turn-on. Referring to Figs. 20A-C, 
the first step to actuate the output relay 2310, is initiated when the operator inserts his hands and 
touches the vertical touch sensor 2301 with the dorsal side of the hands. A yellow LED 2304 
5 on top of the device show the successful completion of the first step. The second step is to flip 

^ the hand over and touch the horizontal touch sensor 2302 with the palmar si the hand. A 
red LED 2305 on top of the device shows the completion of the two step turn-on and activation 
of output relay 2310. The flipping action of the hand in the second step causes the forearm 
muscles to flex, thereby reducing stiffness and fatigue. Also, the hands, and arms can rest on 

10 the run bar until the machine cycle is complete. The second step of the two-step turn-on must 
occur within some predetermined time (for example 2 seconds) after the release of vertical touch 
sensor or the first step must be repeated. In this proposed embodiment, the second step provides 
an added stimulus and reduces operator errors due to mental and physical fatigue. The top cover 
prevents actuation of two devices by the use of one hand and elbow of the same arm, as required 

15 by ANSI Standard Bl 1.19-1990. The enclosure must be a high strength polycarbonate module 
to meet the high impact and vibration requirements of the industry, preferably NEMA 4. In 
both embodiments, high frequency switching is used to desensitize the unit against moisture and 
contaminants that could generate a path between the button and grounded chassis. The palm 
button may be formed as the flat palm button shown in Figs. 15A-C or as a dome-shaped palm 

20 button shown in Fig. 16. The button is made of a brass plate 1910 (1930) and can be covered 
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with a plastic or glass 1925 (1933) cover or membrane to desensitize the unit even more against 
contaminants and other inadvertent actuation. The plastic cover 1925 (1933) acts as a dielectric 
and capacitance is varied as a function of the area of the plastic being touched. Therefore, if 
^ button is touched by finger, a much smaller^capacitance is generated as opposed to button being 
5 touched by the palm of a hand. This capacitance is placed in series with the capacitance of the 



Ou body .when the button is touched. Since the capacitance of the body is much larger than the 
A /I 

capacitance generated by the button, the functionality of the unit is independent of the variations 
Ou in body capacitance^fram person to person. The other factor that needs to be considered here 
is body resistance. If the button is not covered with an insulator such as plastic, the unit would 



10 $j become sensitive to body resistance. Body resistance to sarth^ changes as a function of moisture 

r 

in the work area, skin dryness, floor structure, and shoes. By using a plastic cover, the unit is 
made insensitive to variations of body resistance and capacitance. The shape of the button is 
also a factor in sensitivity. If the button is flat, less of the button area would be covered by the 
palm of the hand as opposed to a dome shape button that matches the contour of the palm. 
15 Therefore, if the button is dome-shaped, the unit can be even more desensitized against 
inadvertent operation. 



dome shape button where the palm of the hand rests while machine cycle is in process, stress 
on the forearms is economically reduced. The palm button of the present invention can be 
20 activated with or without gloves. The zero force palm button of the present invention may be 






By providing a large space for hand insertion and switch activation and a flat or 




• # 



used to activate electric, pneumatic, air clutch, and hydraulic equipment such as punch presses, 
molding machines, etc. 

As shown in Figs. 15A-C, the flat palm button may include a plastic housing 1917 
having an optional metallic enclosure 1922 for surface mounting. The button also may include 
5 a flush mount surface 1915 and optional guarding 1920. 

The circuit board 1935 used with the palm button of the present invention may 
be packaged on two printed circuit boards. One board for power and relay and the other for 
touch switches and relay drivers. The touch circuit on the touch switch board is interfaced to 
the button through a screw that also holds the button in place. The power/relay board is 

10 interfaced to the touch switch board through a three pin right angle connector. Wiring to the 
unit is done through a seven position terminal block on the power/relay board. The power/relay 
board is designed for 24 V DC input power and provides two double-throw relay contacts. 
However, it can be modified to accommodate different power inputs and switch outputs. For 
example, a transformer may be added to the power board so that the unit is powered 

15 110VAC/220VAC instead of 24 V DC. Also, the relays may be replaced with other outputs 
such as digital or 4-20 mA outputs. 

The touch circuit components can be integrated in a custom IC 2000, as shown 
in Fig. 17, to facilitate manufacturing and to reduce cost. Components 413, 412, 414, 410, 418, 
and 420 are similar to those of circuit 400 shown in Fig. 8. Preferably, resistor 2004 has a 

20 resistance of 470kQ and diode 2002 has characteristics similar to part no. 1N4148 available from 
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LITEON. Resistors 2008 and 2006 are used to^tecrease and increase* the sensitivity, 
^ - rcspcctivol y. Diode 2002 at the output of 420, allows the IC to be used in applications where 
several touch circuit IC's are multiplexed. 

As shown in Fig. 18, a sleep circuit 2100 may be added to the oscillator circuit 



5 200^to allow microcontroller 600 to turn off the oscillator circuit 200. The disabling of 
oscillator circuit 200 is done to reduce drainage of capacitor 126 in the regulator circuit 120 
during brown outs. The circuit diagram shown in Fig. 18 is a modified version of circuit 200 
in Fig. 6. During normal operation microcontroller 600 pulls the input of gate 2116 to ground 
and causes the output of gate 2116 to go high (power line 104). Therefore, transistor 2110 is 

10 (j^ biased on and oscillator 200 is functional. When in a sleep mode, microcontroller 600^*il^the 
input to gate 2116 high and causes the output of gate 2116 to go low which turns off transistor 
2110 and pulls the input of gate 212 low. Therefore, the oscillator will stop oscillating and 
drainage on capacitor 126 decreases considerably. 

The above described embodiments were chosen for purposes of describing but one 

15 application of the present invention. It will be understood by those who practice the invention 
and by those skilled in the art, that various modifications and improvements may be made to the 
invention without departing from the spirit or scope of the invention as defined by the appended 
claims. 
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